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Why Forecast Air Quality?Why Forecast Air Quality?
•• Protect public healthProtect public health

–– Allows the public to plan activities that avoid exposureAllows the public to plan activities that avoid exposure
–– Allows sensitive individuals to plan activities and healthcareAllows sensitive individuals to plan activities and healthcare

•• Effectively run a voluntary emissions reduction Effectively run a voluntary emissions reduction 
programprogram
–– Participation depends on forecast accuracy and Participation depends on forecast accuracy and 

timelinesstimeliness
–– Affects the public’s activitiesAffects the public’s activities
–– Affects sponsor or donor agency supportAffects sponsor or donor agency support

•• Conduct special samplingConduct special sampling
–– Allows sufficient time to prepare monitoring Allows sufficient time to prepare monitoring 

equipment and personnelequipment and personnel
–– Lets researchers sample preLets researchers sample pre--episode conditionsepisode conditions
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Short Course on Short Course on 
Air Quality ForecastingAir Quality Forecasting

•• Introduction, p. 5Introduction, p. 5
•• Meteorology and Air Quality, p. 29Meteorology and Air Quality, p. 29
•• Meteorological Products and Examples, p. 55Meteorological Products and Examples, p. 55
•• Case Studies, p. 102Case Studies, p. 102
•• Air Quality Forecasting Tools, p. 121Air Quality Forecasting Tools, p. 121
•• Developing a Forecasting Program, p. 141Developing a Forecasting Program, p. 141
•• Daily Forecast Operations, p. 171Daily Forecast Operations, p. 171
•• Appendix: Useful Weather and Air Quality LinksAppendix: Useful Weather and Air Quality Links
•• ContestContest
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Course ObjectivesCourse Objectives
Give you the necessary knowledge to develop, 
implement, and evaluate a basic forecasting 
program
• Understand the meteorological processes that affect 

pollution concentrations
• Learn more about meteorological and air quality 

forecasting products
• Learn how to use and evaluate meteorological 

forecast data (case studies)
• Discuss the tools available for air quality forecasting
• Discuss how to develop, operate, and maintain a 

forecasting program
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Forecasting ProgramsForecasting Programs
The Process of Developing, Operating, and 

Improving an Air Quality Forecasting Program

Need for an 
AQ Forecast

Develop
a Program

Operate
the Program

Revise
the Program

Data
Collection

Forecast
Preparation

Forecast
Communication
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What’s New in What’s New in 
This Year’s CourseThis Year’s Course

•• Includes a different pollutantIncludes a different pollutant
–– PMPM2.5 2.5 

–– YearYear--round pollutant forecastinground pollutant forecasting
•• Has more instructorsHas more instructors

–– From different areas of the countryFrom different areas of the country
–– Range of skills and backgroundsRange of skills and backgrounds

•• Incorporates comments from last year’s courseIncorporates comments from last year’s course
•• Provides more examples and applicationsProvides more examples and applications
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Short Course Short Course –– Design GoalsDesign Goals

•• Focus.Focus. Forecasting air qualityForecasting air quality——both PMboth PM2.52.5
and ozone concentrations.  The approach and ozone concentrations.  The approach 
applies to other pollutants.applies to other pollutants.

•• Practical.Practical. Beyond theory, the course Beyond theory, the course 
contains practical advice and reference to contains practical advice and reference to 
examples, tools, and methods. examples, tools, and methods. 

•• Gateway.Gateway. The course workbook is a gateway The course workbook is a gateway 
to additional resources.to additional resources.

•• Evolving. Evolving. It will improve in time through your It will improve in time through your 
feedback.feedback.
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Forecasting Philosophy Forecasting Philosophy (1 of 3)(1 of 3)
•• More forecasting tools = better resultsMore forecasting tools = better results

–– No “silver bullet”No “silver bullet”

–– Several tools provide a consensus forecastSeveral tools provide a consensus forecast

•• Understand how the system worksUnderstand how the system works
–– Determine how meteorological processes Determine how meteorological processes 

influence air pollution in your areainfluence air pollution in your area

–– Forecast the processes that affect air quality, then Forecast the processes that affect air quality, then 
predict the air qualitypredict the air quality
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Predicting weather (and air quality) requires examining Predicting weather (and air quality) requires examining 
information for several different spatial and time scales.information for several different spatial and time scales.

GlobalGlobal
Space: 4,000 km Space: 4,000 km –– 20,000 km20,000 km
Time : 1 Time : 1 -- 2 weeks 2 weeks 

SynopticSynoptic
Space: 400 km Space: 400 km –– 4,000 km4,000 km
Time: 1 day Time: 1 day –– 1 week1 week

MesoscaleMesoscale
Space: 10 km Space: 10 km –– 400 km400 km
Time: 1 hr Time: 1 hr –– 1 day1 day

UrbanUrban
Space: 5 km Space: 5 km -- 50 km50 km
Time: 1 hr  Time: 1 hr  -- 4 hr4 hr

NeighborhoodNeighborhood
Space: 500 m Space: 500 m -- 5 km5 km
Time: 1 min Time: 1 min –– 1 hr1 hr

Forecasting Philosophy Forecasting Philosophy (2 of 3)(2 of 3)

Global

Synoptic

Mesoscale

Urban

Neighborhood
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Forecasting Philosophy Forecasting Philosophy (3 of 3)(3 of 3)
Forecasting ProcessForecasting Process

Predict 
weather’s effect 
on emissions 
and chemistry

Estimate AQ 
concentration Convert to AQIPredict weather

Clouds=
reduced
sunlight

Slows 
photochemistry O3=40 ppb Good AQI

Ozone

Cold
Inversion traps
wood-burning

emissions
PM2.5=30 µg/m3 Moderate AQI

PM
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Primary Primary -- emitted directly from a sourceemitted directly from a source

Secondary Secondary -- formed in the atmosphere formed in the atmosphere 
from reaction of primary pollutantsfrom reaction of primary pollutants

Precursors Precursors -- primary pollutants that primary pollutants that 
react to form secondary pollutantsreact to form secondary pollutants

Air Quality Background Air Quality Background –– TypesTypes
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Air Quality Background Air Quality Background ––
Major PollutantsMajor Pollutants

PrimaryPrimarySOSO22Sulfur DioxideSulfur Dioxide

Primary & Primary & 
SecondarySecondaryPMPMParticulate MatterParticulate Matter

Primary & Primary & 
SecondarySecondaryHCHCHydrocarbon Hydrocarbon 

CompoundsCompounds

SecondarySecondaryNONO22Nitrogen DioxideNitrogen Dioxide

SecondarySecondaryOO33OzoneOzone

PrimaryPrimaryCOCOCarbon MonoxideCarbon Monoxide

TypeTypeAbbreviationAbbreviationPollutantPollutant
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Ozone Ozone –– ChemistryChemistry
Simplified view of ozone chemistrySimplified view of ozone chemistry
•• NONO22 + O+ O22 + Sunlight + Sunlight OO33 ProductionProduction
•• NO + ONO + O33 NONO22 + O+ O22 DestructionDestruction

Key processesKey processes
•• Ample sunlight (UV)Ample sunlight (UV)
•• Limited dispersionLimited dispersion
•• Limited vertical mixingLimited vertical mixing
•• Warm temperaturesWarm temperatures
•• Amble precursors (VOC, NO, NOAmble precursors (VOC, NO, NO22))

•• NO + VOC + Sunlight NO + VOC + Sunlight NONO22 + VOC   Production of NO+ VOC   Production of NO22
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PM PM –– Sources and ChemistrySources and Chemistry

Particulate matter (PM) is a complex mixture of Particulate matter (PM) is a complex mixture of 
solid and liquid particles that vary in size and solid and liquid particles that vary in size and 
composition.composition.

•• Size of PMSize of PM
•• SourcesSources
•• CompositionComposition
•• Seasonal and regional differencesSeasonal and regional differences
•• Unusual eventsUnusual events
•• Formation processesFormation processes
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PM PM –– Size Size (1 of 2)(1 of 2)

Size of PMSize of PM
•• Particle sizes (0.005 to 100 Particle sizes (0.005 to 100 µµm)m)
•• Ultrafine Particles (<0.1 Ultrafine Particles (<0.1 µµm)m)
•• Fine Particles (0.1 and 2.5 µm)Fine Particles (0.1 and 2.5 µm)
•• Coarse Particles (> 2.5 µm)Coarse Particles (> 2.5 µm)

Human Hair (70 µm diameter) Human hair cross section (70 µm)

PM2.5
(2.5 µm)

PM10
(10 µm)

M. Lipsett, California Office of 
Environmental Health Hazard Assessment
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PM PM –– Size Size (2 of 2)(2 of 2)

Particle diameterParticle diameter

Adapted from 
Husar (1999)

sedimentationcondensationcoagulationRemoval process
hours-dayweek-monthdays-weekResidence time
mostmoderatesmallAmt. of mass
leastmoderatemostNo. of particles
largersmallvery smallParticle size
Coarse (PM10)Fine (PM2.5)UltrafineName
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PM PM –– SourcesSources

PM is composed of a mixture of primary and secondary compounds.

Primary PM (directly Primary PM (directly 
emitted):emitted):
–– Suspended dustSuspended dust
–– Sea saltSea salt
–– Organic carbonOrganic carbon
–– Elemental carbonElemental carbon
–– Metals from combustionMetals from combustion
–– Small amounts of sulfate Small amounts of sulfate 

and nitrate

Secondary PM (gases that Secondary PM (gases that 
form PM in the atmosphere):form PM in the atmosphere):
–– Sulfur dioxide (SOSulfur dioxide (SO22): forms sulfates): forms sulfates
–– Nitrogen oxides (NONitrogen oxides (NOxx): forms ): forms 

nitratesnitrates
–– Ammonia (NHAmmonia (NH33): forms ammonium ): forms ammonium 

compoundscompounds
–– Volatile organic compounds (VOC): Volatile organic compounds (VOC): 

forms organic carbon compounds
and nitrate forms organic carbon compounds
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•• NaClNaCl –– salt is found in PM near salt is found in PM near 
sea coasts and after desea coasts and after de--icing icing 
materials are applied.materials are applied.

•• Organic Carbon (OC) Organic Carbon (OC) ––
consists of hundreds of consists of hundreds of 
separate compounds containing separate compounds containing 
mainly carbon, hydrogen, and mainly carbon, hydrogen, and 
oxygen. oxygen. 

•• Elemental Carbon (EC) Elemental Carbon (EC) ––
composed of carbon without composed of carbon without 
much hydrocarbon or oxygen.  much hydrocarbon or oxygen.  
EC is black, often called soot.  EC is black, often called soot.  

•• Liquid WaterLiquid Water –– soluble nitrates, soluble nitrates, 
sulfates, ammonium, sodium, sulfates, ammonium, sodium, 
other inorganic ions, and some other inorganic ions, and some 
organic material absorb water organic material absorb water 
vapor from the atmosphere.vapor from the atmosphere.

Chow and Watson (1997)

•• Geological Material Geological Material ––
suspended dust consists mainly suspended dust consists mainly 
of oxides of Al, Si, Ca, Ti, Fe, of oxides of Al, Si, Ca, Ti, Fe, 
and other metal oxides.and other metal oxides.

•• SulfateSulfate –– results from results from 
conversion of SOconversion of SO22 gas to gas to 
sulfatesulfate--containing particles.containing particles.

•• NitrateNitrate –– results from a results from a 
reversible gas/particle reversible gas/particle 
equilibrium between ammonia  equilibrium between ammonia  
(NH(NH33), nitric acid (HNO), nitric acid (HNO33), and ), and 
particulate ammonium nitrate.particulate ammonium nitrate.

•• AmmoniumAmmonium –– ammonium ammonium 
bisulfate, sulfate, and nitrate are bisulfate, sulfate, and nitrate are 
most common.most common.

Most PM mass in urban and nonurban areas is Most PM mass in urban and nonurban areas is 
composed of a combination of the following chemical composed of a combination of the following chemical 
components:components:

PMPM2.52.5 Composition Composition 
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PMPM2.52.5 –– Spatial PatternsSpatial Patterns

From Solomon and Scheffe (2002) 
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PMPM2.52.5 –– Seasonal PatternsSeasonal Patterns

Jan-Mar Apr-Jun

July-Sept Oct-Dec

Falke (1999)
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PMPM2.5 2.5 –– Unusual EventsUnusual Events

Unusual PM EventsUnusual PM Events
•• Agricultural burning Agricultural burning -- farming byproducts (rice farming byproducts (rice 

straw, orchard prunings, etc.)straw, orchard prunings, etc.)
•• Wildland fires Wildland fires -- 100 to 1000+ acres (biomass: 100 to 1000+ acres (biomass: 

trees, shrubs, grasses, etc.)trees, shrubs, grasses, etc.)
•• Windblown dustWindblown dust

–– Locally generated airborne dust from winds Locally generated airborne dust from winds 
blowing across agricultural or barren landblowing across agricultural or barren land

–– Global as winds can carry aerosols for weeks and Global as winds can carry aerosols for weeks and 
over 1000’s of kilometersover 1000’s of kilometers

See Appendix for Internet links.
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PM PM –– Unusual EventsUnusual Events
February 26, 2000July 7, 2002 at 1115 EST

http://seawifs.gsfc.nasa.gov/SEAWIFS/HTML/dust.html
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PM PM –– Formation ProcessesFormation Processes
Coagulation: Particles collide with each other and grow.

Condensation: Gases condense onto a small solid particle to form 
a liquid droplet.  

Cloud/Fog Processes: Gases dissolve in a water droplet and chemically 
react.  A particle exists when the water evaporates.

SO2

NH
4

Ammonium Sulfate

Chemical Reaction: Gases react to form particles.

NOx HNO3 + NH3 NH4NO3 (particle) Ammonium Nitrate

Nitric Acid      Ammonia

Fn (Temp, RH)

Short Course on Air Quality Forecasting: IntroductionFebruary 2002
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PM PM –– Formation ProcessesFormation Processes

condensation and
coagulation

photochemical production
cloud/fog processes

gases condense onto particles
cloud/fog processes

Measurement 
Issues:

• Inlet cut points
• Vaporization of 

nitrate, H2O, VOCs
• Adsorption of VOCs
• Absorption of H2O

transport

sedimentation
(dry deposition)

wet deposition

Mechanical
• Sea salt
• Dust

Combustion
• Motor vehicles
• Industrial
• Fires

Other gaseous
• Biogenic
• Anthropogenic

Particles
• NaCl
• Crustal

Particles
• Soot
• Metals
• OC

Gases
• NOx
• SO2
• VOCs
• NH3

Gases
• VOCs
• NH3
• NOx

Sources
Sample 

CollectionPM Transport/Loss
PM 

FormationEmissions
Chemical Processes

Meteorological Processes

Solar radiationSolar radiationVertical mixingVertical mixing
WindsWindsRelative humidityRelative humiditySolar radiationSolar radiation
Relative humidityRelative humidityPrecipitationPrecipitationTemperatureTemperatureTemperatureTemperature
TemperatureTemperatureWindsWindsClouds, fogClouds, fogWindsWinds
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SummarySummary
•• Ozone is a secondary pollutant formed from emissions Ozone is a secondary pollutant formed from emissions 

(NO(NOxx and VOC).  It is most prevalent in the summer.and VOC).  It is most prevalent in the summer.

•• PMPM2.52.5 consists of numerous types of solid and liquid consists of numerous types of solid and liquid 
particles that are directly emitted (primary) or formed particles that are directly emitted (primary) or formed 
in the atmosphere (secondary).  High concentrations in the atmosphere (secondary).  High concentrations 
occur year round.occur year round.

•• Forecasting air quality requires an understanding of Forecasting air quality requires an understanding of 
the processes that produce pollutionthe processes that produce pollution..

•• Next step Next step -- Meteorology and Air QualityMeteorology and Air Quality

•• QuestionsQuestions
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